
Prepared by: Approved by: 

1 .  !(,‘ , 
DOROTHY M. ~ ~ R T N ~ R  o.=- c i  - ROBERT K. H O F F M A W ~  
Decontamination Sect ion 

L .- / y 1 i ,  f3  4 (efi :t;*<. & - Z L d P i G 4 , L h  
Chief, Decontamination Sect ion 

I ‘ \ I  

1 
I 

/ 
I 1 ( <  :f p = / > j .  1 L - 2 + 4 & -  

/ 
/’ 

HERBERT M. DECKER , 
I f ’  

f Chief, Pro tec t ion  Branch 

h 

dft, (.I,Jki 0 J 

I 

1 I I t%LA c , ;< r f ”“:!+,. 
GPO PRICE $ ’ CHARLES R. PHILLIPS i 

OTS PRICE(S) $ 
Chief, Physical Defense D i v i s i o n  

Hard copy 

Microfiche 
4 

a ”  ‘ ’ w- P hys i ca 1 Defense D i v i  s i on U’ 
--- 

-(’:’-:. #WE- Det r i ck, Fndewek * , Maryland 



I . '  

I .  

L 
4 -1 

k 

Pro tec t i on  Branch Report o f  Test No. 4-64 

Use o f  Spor ic ides and Heat t o  S t e r i l i z e  Resins 

A major problem i n  the  ove r -a l l  p r o j e c t  of developing s t e r i l i z a t i o n  
procedures app l i cab le  t o  interp1aReta-y spacecraf t  i s  t ha t  o f  s t e r i l i z i n g  
res ins  used t o  pot  e l e c t r o n i c  assembli-es. Since the res ins  themselves do 
not  seem t o  possess s e l f - s t e r i l i z i n g  proper t ies,  an a d d i t i o n a l  t reatment 
appears necessary t o  insure  that ne microorganisms remain v i a b l e  w i t h i n  
the body o f  a r e s i n  o r  on the  sur faee sf s o l i d  ob jec ts  coated by the  res in .  
Two approgches t o  the s o l u t i o n  o f  t h e  problem have been inves t iga ted  and 
are descr ibed i n  t h i s  repor t .  One approach was t o  impregnate res ins  w i t h  
a known s p o r i c i d e  and the o ther  was t o  cure the  res ins  a t  an e levated 
temperature. The res ins used i n  the f i r s t  approach were suppl ied by Jet  
Propuls ion Laborator ies and those f o r  the  l a t t e r  by Goddard Space F l i g h t  
Center. 

MATERIALS AND METHODS 

Res i ns 

The f i v e  res ins  impregnated w i t h , a  spo r i c ide  were: Epon 828 w i t h  
Epocast 985, Epon 828 w i t h  Versamid 125, Epon 828 w i t h  Versamid 140, Epon 
815 w i t h  Cata lys t  TETA, and Eccofoam FP w i t h  Cata lyst  12-6. The f i v e  
s i l i c o n e  res ins  subjected t o  hea+ cur ing  were: RTV-20 w i t h  Thermolite-12, 
RTV-40 w i t h  Thermolite-12, RTV-60 w i t h  Thermolite-12, RTV-90 w i t h  Thermo- 
l i t e -12 ,  and LTV-602 w i t h  Cata lys t  SRC-05. The cur ing  temperature and t ime 
employed were 145" C and 24 hours as requested by Goddard Space F l i g h t  
Center. 

Spor ic ides 

The spor ic ides  t h a t  were added t o  the  above res ins were: 10 per cent 
e thy lene imine i n  14 per  cent V / V  aqueous methanol, 10 per  cent e thy lene 
imine i n  absolute methanol, undi l u ted  ethy lene imine, und i l u ted  formal in, 
and und i l u ted  beta-propiolactone. 

Test 

p rev 
s amp 

Procedure 

A d e t a i l e d  d e s c r i p t i o n  o f  the  tes t  procedure used was g iven i n  a 
ous repo r t  ..!-! 
es were prepared by cover ing glass s l ides,  p rev ious l y  cmtaminated w i t h  

I n  short ,  however, the spo r i c ide  impregn3ted r e s i n  

- c t i o n  Branch Report of Test No. 11-63: "Froced;re f o r  Eva lua t ion  
o f  e l f - S t e r i l i z i n g  Resins". 19 December 1962. 
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d r y  spores o f  B a c i l l u s  s u b t i l i s  var niqer ,  w i t h  the  f r e s h l y  mixed c a t a l y s t -  
monomer spo r i c ide  s o l u t i o n  and al lowed t o  cure a t  room temperature. A f te r  
each cur ing  per iod,  i .e .  about one day, one week and s i x  weeks a t  room 
temperature, seven samples were exposed t o  ethy lene ox ide gas i n  a p l a s t i c  
chamber f o r  s i x  hours and then the  samples were crushed as we l l  as poss ib le  
and placed i n  t r yp tose  b r o t h  blanks, 
by the pour p l a t e  method tc) o b t a i n  a - v i a b l e  spore count. 
contaminated g lass s l i d e s  conta- in ing no r e s i n  (cont ro ls )  were assayed f o r  
v i a b l e  spores i n  the  same manner. 
t e s t  f o r  s t e r i l i t y ;  two o f  these-s~amgl-es were cu l tu red  w i t h  the crushed g lass 
and r e s i n  present i n  the b r o t h  medi*aBd tbe  o ther  two b r o t h  samples were 
subcul tured t o  minimize any i n h i b i t o r y  e f f e c t s  tha t  might be produced by 
the  r e s i n  o r  spor ic ide .  

Three of the r e s i n  samples were assayed 
I n  add i t ion ,  th ree  

The o the r  four  r e s i n  samples were used t o  

The s i l i c o n e  r e s i n  samples were-prepared by embedding glass s l i d e s  
contaminated w i t h  d ry  spores, i n  1/2 inch d t p t h  of the monomer-catalyst 
mix ture.  One se t  of e i g h t  samples was cured f o r  24 hours a t  room tewpera- 
t u r e  (about 25" C )  and another se t  o f . e i g h t  was cured f o r  24 hours a t  145" C.  
Four samples o f  each set o f  e i g h t  were used t o  ob ta in  a v i a b l e  spore coant 
by the  pour p l a t e  method and the o ther  fou r  were used t o  t e s t  f o r  s t e r i l i t y  
i n  b r o t h  media as descr ibed above. However, two o f  the  fou r  samples f o r  
each method o f  t e s t i n g  were exposed d i r e c t l y  t o  ethy lene ox ide  gas; t he  
o ther  two were contained i n  a sealed j a r  w i t h i n  the chamber t o  prevent d i r e c t  
contact  w i th  the ethy lene oxide. 
t o  determine whether e thy lene ox ide gas would penetrate and s t e r i l i z e  the  
i n t e r i o r  as we l l  as the e x t e r i o r  of t he  porous s i l i c o n e  res ins  but  a l s o  
prov ided a s t e r i l e  atmosphere i n  the chamber i n  which t o  p u l v e r i z e  the 
samples. 
Cata lys t  12-6 was tested. 

This procedure not  on ly  provided a means 

T h i s  procedure was a l s o  fo l lowed when the porous Eccofoam FP w i t h  

RESULTS AND D I S C U S S I O N  

The r e s u l t s  obtained by the pour p l a t e  method on the res ins  a re  
bummarized i n  Tables I and I I .  Since there  was no apprec;able d i f f e r e q c e  
i n  the per cent recovery a f t e r  a one day, one week o r  s i x  week cL?;iig 
per iod,  an average value i s  g iven (Table I ) .  Some v i a b l e  E. bc rb t i l i s  vas 
n iqe r  were recovered from each res in -spo r i c ide  sample wheq assayed by the  
pour p l a t e  method. For m o s t  res in -spo r i c ide  combinations, bo th  the  
cu l tu red  r e s i n  and glass samples and the  subcul tures also, s5owed b a c t e r i a l  
growth a f t e r  a seven day incubat ion  pe r iod  a t  37" C. 
w i t h  Cata lyst  TETA and ten per  cent e thy lene imine i n  absoldte rcetabml or  
und i lu ted  ethy lene imine, there  was no evidence o f  b a c t e r i a l  grc%vtF; i r ,  
e i t h e r  the cu l tu red  r e s i n  and g lass samples o r  i n  the  subcul tsres.  A i l  
samples d i d  support b a c t e r i a l  growth however when about 100 spore:, of E. 
s u b t i  I i s  var n iqe r  were l a t e r  de l  i b e r a t e l y  introduced t o  tes t  f o r  any 
b a c t e r i o s t a t i c  e f f e c t  o f  the res in .  

Howeve., w i t h  Epon 815 
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Table I I  shows t h a t  no b a c t e r i a l  count was obtained f o r  res ins  cured a t  
145" C; moreover, the  c u l t u r e d  res in-g lass samples and the  subcul tures were 
a l s o  s t e r i l e ,  The r e s u l t s  o f  t h e  25" E cu r ing  temperature ind ica ted  t h a t  
some spore reduc t ion  bu t  not  s e r i l i t y ,  was achieved by the  pene t ra t i on  of 
e thy lene ox ide gas i n t o  the  porous s i l i c o n e  res ins.  S i m i l a r  r e s u l t s  were 
observed w i t h  samples o f  Eccofoam FP wi th  Cata lys t  12-6 tha t  were exposed 
t o  ethy lene ox ide gas. Possibly,  
e thy lene ox ide gas would s t e r i l i z e  
a very porous res in .  

Ethylene imine was the  on ly  p 
Gross chanqes i n  the  appearance of 

f a long exposure per iod  was used; 
e l e c t r o n i c  assemblies t h i n l y  coated w i t h  

omising spo r i c ide  f o r  Epon-type res 
the Epon res ins  occurred when forma 

ns. 
i n  

o r  beta-propio lactone was used. 
microorganisms would remain v i a b l e  i n  the  r e s i n  o r  on the sur face o f  t he  
e l e c t r o n i c  assembly i f  po t ted  w i t h  any o f  the  f i v e  s i l i c o n e  res ins  and 
then cured a t  145" C f o r  24 hours. With s l i g h t l y  more reserva t ion  the  
same statement a l s o  app l ies  t o  Epon 815 w i t h  Cata lys t  TETA and ethy lene 
imine e i t h e r  w i t h  o r  w i thout  methanol cured a t  25" C. 

From these resu l ts ,  i t  appears t h a t  no 

._.. 
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